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RTCC REQUIREMENTS FOR MISSION G: SELECTING AND
VERIFYING USBS DOPPLER DATA SOURCES DURING IM ASCENT AND DESCENT

By Alan D. Wylie

SUMMARY AND INTRODUCTION

This note describes a program for computing MSFN high-speed Doppler
tracking residuals used in the Real-Time Computev Complex (RTCC) for
verifying and selecting USBS Doppler data sourc during LM ascent and
descent. These same residuals are used to determine whether the primary
guidance and navigation control system (PGNCS) or the abort guidance .
system (AGS) is the more correct LM navigation system if the two signifi-
cantly disagree. Rendezvous radar observations are also processed to com-
pute rendezvous radar residuals which provide an indepeuadent test on the
accuracy of PGNCS versus AGS. The progrzm hase the capability of simul-
taneously processing nondestruct Doppler data for up to four USBS ground
stations tracking the LM during ascent and descent, one of which may be
the transmitter. It is assumed that the Doppler biases for these stations
have been computed.

In order to check the validity of the ground tracking data, Doppler
residuals are computed for each tracker using common telemetered IM state
vectors from either PGNCS or AGS. The "residuals" should agree to within
some expected tolerance. Should one station disagree, it can be replaced,

Doppler residuals are actually computed using both telemetry vector
sources so that the computer controller may display either set of residuals
and so that both sets are available for the flight control vector source
selection. For each vector source an average is taken of the valid station
residuals in order to indicate which system is providing the better data.
The rendezvous radar residuals are computed and displayed for the same
purpose,

S

The information in this note supersedes that in reference 1.
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GENERAL PROCEDURE FOR SELECTING AND VERIFYING DOPPLER DATA SOURCES
Residual Computations

. The main purpose of this program is to verify the Doppler data of the
ground stations tracking the IM during ascent and descent. The most
efficient method is to calculate a Doppler residual - that is, to find for
each station the difference between observed and computed Doppler values,




From each tracking station, time-tagged raw Doppler count observations
arrive at the RTCC at a 10-per-second rate. The observations pass through
a MSFN preprocessor routine which makes simple edit checks and stores the
valid data for the main program. Telemetered powered-flight IM state vectors
arrive at an effective rate of one observation every 2 seconds from each
onboard navigation system. Free-flight vectors predicted by the analytic
ephemeris generator (AEG) and the lunar stay vectors generated using the
selenographic radius (R), latitude (¢), and longitude (A) of the IM arrive
at the same rate during the appropriate stages of the program. The telem-
etered vector preprocessor and the predicted vector preprocessor make simple
edit checks on the corresponding vectors and store the valid vaslues for
future processing. Rendezvous radar observations are telemetered down in
the form of raw unprocessed data at a rate of one observation every 2 sec-
onds. This data must also pass through e preprocessor routine whieh in-
cludes simple validity tests on the raw data.

The program starts the residual computations process by selecting a
recent telemetry vector and iterating to find the transmitter-vehicle (up~
link) range and vehicle-receiver (downlink) ranges. A linear interpolation
scheme is used for each station to find the "pseudoactual" Doppler count
which corresponds in time to the receiver time of the vector.

The program recycles and obtains a second vector from the same source.
A position vector is then computed at the time of the second position vec-
tor and temporarily replaces the second position vector in the residual
computations. In this manner the program avoids a large random error in
the computed Doppler due to the lavge quantization error in telemetered
position vectors.

This computed vector is then processed to obtain uplink and downlink

ranges and a value of Doppler count for each station. The observed and com-
puted Doppler frequencies are calculated and subtracted to obtain the re-

sidual. The residuals are converted from cycles per second to feet per
second and plotted continuously in time as in figure 1.
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Figure 1.~ Station verification display.




Residuals will also be computed using the other vector source. Each
set of valid station residuals is then averaged and plotted continucusly
in time on a flight control display to indicate which telemetry system is
in better agreement with the MSFN trackerz.

Rendezvous radar range-rate residuals are also plotted on the flight
control display. To compute one of the residuals, the program interpolates
the current CSM ephemeris to obtain the CSM state vector at the time of the
IM vector being processed. The CSM and LM vectors are then used to compute
the range rate between the two vehicles., The smoothed value of rendezvous
radar range rate evaluated at the time asgsociated with the IM state vecter
“is then used together with the computed range-rate value to construct the
residual which is plotted on the display.

Operational Modes and Procedures

The ascent-descent program is designed primarily to function in the
"average g" or powered-flight mode. However, it has been extended to
cover short periods of free flight and the IM's stay on the moon.

Program use actually begins approximately 5 minutes before ignition
for powered descent and is initialized by MED 1. An RTCC predictor, the
analytic ephemeris generator (AEG), will use the best LM anchor vector to
project IM state vectors which are processed in the high-speed mode in the
same manner as the powered-flight PGNCS and AGS vectors. Residuals are
computed and displayed for each station for checkout purposes. When the
onboard computer switches to the average g mode (approximately 30 seconds

_before ignition), the IM begins to send updated vectors. A switch is set
at the RTCC console to initiate high-speed processing of actual telemetry
vectors when they are received.

After touchdown on the lunar surface, the LM continues to send vectors
used by this program for approximately 3 minutes. At the end of that time,
a MED is entered to terminate the descent phase and thus cease residual
generation. About 5 minutes prior to lunar lift-off, the MED to enter
high-speed processing and MED 1 are reentered and the program resumes high-
speed processing of RTCC-computed IM vectors and MSFN observations in prep~
arstion for the ascent phase. A switeh will initiate the use of actual
telemetry vectors when they are received.

During the ascent stage, high-speed processing of PGNCS and AGE vectors
continues until averaged vectors become available following engine cutoff.
At that time the controller has the option either to continue using actual
telemetry vectors or to switch and use the RTCC-predicted vectors based on
the computed average vectors. If the average vectors are not available,
the last powered-flight vectors will be considered in the option. The
program continues to process the vectors (either actual or predicted) in

the high~-speed mode until an orbit switch is thrown, signifying the end
of the ascent phase.




DETAILED EQUATIONS AND LOGIC

Telemetyy Vector Preprocessor

Two telemetry vector preprocessors (appendix A) are used in this
program in order that the telemetered powered-flight vectors and the pre-
dicted free~flight or lunar-stay vectors may be treated separately. Each
preprocessor 1s a totally independent routine which is started by executive
control., Only one of the two may function at any given time.

The telemetry vector preprocessor receives the IM powered~flight state
vectors telemetered from the onboard PGNCS and AGS navigation systems in
units of earth radii and earth radii per hour and performs simple tests on
the vectors and time tags. Basic validity tests are included, (ref. 2),
and all necessary granularities are applied. All vectors not edited out
are stored in one table for future processing. The logic is described in
flow chart A-1(a).

The predicted-vector preprocessor generates IM state vectors in the
same units at the real-time rate while the IM is either in free flight or
on the lunar surface. The logic is described in flow chart A-1(Db).

MSFN Preprocessor

The MSFN preprocessor (appendix A) also is an autonomous routine
started by executive control., It receives from the tracking stations high-
speed data consisting of raw Doppler counts accumulated from count initiali-
zation and not a count.difference over a fixed time interval. Continuous
tests are performe? to check if the "ascent-descent sites" MED has been
entered. The change option of the MED causes one or more new trackers to
be entered for which the appropriate storage areas must be reinitialized.
The start option causes a new transmitter to be entered which results in
all storage areas being reinitialized. Simple validity tests (ref. 2) and :
a test on the vector time tag are used to detect invalid data. Any nec- ‘
essary granularities are then applied.

The preprocessor logic then proceeds to the edit routine. The initial
two values of Doppler count for each station are stored, tagged invalid, A
and utilized in a linear extrapolation scheme to predict the Doppler count !
at the time of the third observation. The routine then tests to determine
if the observation is greater than the last accepted value and less than
some maximum value which is a function of the extrapolate . time interval. )
If the observation passes the test, it is stored but tagged invalid, and
the program uses the last two stored velues to linearly extrapolate to the
time of the next observation. If the observation fails the test, however,
it is discarded, and the routine uses the same two data points in repeating




the extrapolation procedure. Once four successive data points pass the
edit scheme, the four values and succeeding accepted values are stored
and tagged valid, Four successive failuvres, however, cause the routine
to ‘winitialize. The program always tests if the linear extrapolation
time interval is less than o.,. If not, the time interval is too long to
linearly extrapolate, and the program must reinitialize.

The MSFN data passing the edit routine is stored into the arrays
N,/., tj/i’ where i represents the station and j represents the position
3/1

in the table. Flow chart A-2(a) describes the logic for the prepiocessor.
Flow chart A-2(b) describes the edit routine logic.

Rendezvous Radar Preprocessor

The rendezvous radar preprocessor (appendix A) is started by executive
control. Input consists of raw unprocessed destruct Doppler count data and
the associated time tag at the middle of the count interval. The routine
performs elementary validity tests (ref. 2) and time tests before applying
granularities (ref. 3) which convert the raw data to range rate in earth
radii per hour. The routine then tests if the data is within a delermined
extreme interval. All observations passing the above tests are stored for
the main program. The logic for this preprocessor is described in flow
chart A-3.

Main Program Control Logic

The main program contrcl logic (appendix B) completes the list of
processors which are started by executive control. It is broken down into
five parts: the main program logic or driver, the iteration subroutine,
the interpolation subroutine, the MSFN residual computation subroutine,
and the rendezvous radar residual computation subroutine, Flow charts B-l
through B-5 present the equations and logic for eagh of the five parts of
the program.

All variables must be initialized to zero at the start of the program.
The orbit determination constants described in appendix B and the RNP ma-
trix of current time are then read in. In addition, station characteristics
and a lunar ephemeris must be available; Tables of time and edited Doppler
N-count observations are generated for n stations.

The program begins each residual computation cycle by picking up a
telemetry vector and waiting until the vector is Tl (time interval from
vector receipt time to current time) seconds old in regard to current time.
The. first computations involve finding the ranges from the vehicle to the
transmitter and receiver for each tracker. Since there is one transmitter
and four receivers, one uplink range and four downlink ranges are computed.
The iteration routine computes these ranges and the receiver times for eac
station, ‘

X
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For each station the raw observations are set up in the following
arrays: tj/i and Nj/‘ where i = 1, .., nand j=1, ..., ML. The in-

dex M1l represents the most current observation at a station and is deter~
mined by the time length of thz data table. The time test is then performed
for station i to determine if the receiver time obtained from the iteration
routine lies within the time range of the current MSFN observation table.
FPailure of the test causes the program logic to check the next station.

If all stations fail the tes*, the program logic transfers to the rendezvous
radar residual routine. Otherwise it proceeds to the interpolation routine.

The linear interpolationh routine is +then called to yield the inter-
polated value of the Doppler count for cach station at each receiver time.
The main program tvher. stores all necessary values derived from the onboard
telemetry vector and proceeds to the rendezvous radar subroutine.

Output from the rendezvous radar residual subroutine consists of a
range-rate residual. It ig computed using a PCNCS or AGH telemetry vector,
a free-~flight CSM epheme.,is, and the current table of rendezvcus radar
observations. The residual is plotted on a flight conbrol display, and

the program recycles to pick up the second telemetry vector necessary for
the Doppler residual compubtations.

When the second telemetry vector is receiveua from a vector source,
tae program computes the position vector weferenced to the same time, The
program uses the position and velocity vectors of the previous telemetered
IM state vector and the velocity vector of the current trlemetered state
vector (both vectors from the same source) in the computation and assumes
linear motion of the vehicle. The position vector is computed in order to
pievent a large quantization error from appearing in the Doppler MSFN re-
sidual computations. The program uses the computed positlion vector in
order o compute the second set of uplink and downiink ranges (iteration
routine) and values of Doppler count (interpoletion routine) to be used

in the residual computations. The logic then transfers to the MSFE re-
sidual routine. .

(This scheme for predicting a pesition vector wsisg a previous
position vector and the average of two velocity vecturz i3 used only
when actual telemetry vectors are being processed during the aversge
g mode. During the non-average g stages, the nominel vectors ar~
processed as they are received.)

The MSFN residuval routine is provided with values of uplink an? down-
link range obtained from one telemetered vector and cne computed vector
from the samc source and the two values of interpolated counts froum each
¢f the n stations. The residuals are computed and displayed as shown in
figure 1. The average residual §Y computed using vectors from one vector
source is then comparel on a display with the saverage resisual oFf the other
vector source for the selected stations. The program theu returis to pro-

cess the actual telemetry vector whose time tag is the same as thie compuied
vector just processed.

ARG .| LI | - e
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Iteration Subroutine

Input to the iteration subroutine (flow chart B-2) is the IM
position vectcr, R(tLM), in a8 selenocentric coordinste system with the
' X-1 plane parallel to the earth's mean equatcrial plane, the X—axis through

Aries at the beginning of the nearerst Besselisn year (NDY), and the Z-axis
directed along the mean pole. Also input are s vector time tag, t e ref-

erenced to Greenwich midnight prior to launch, station characteristics for %
station 1 (i =1, .,., n), and g lunar ephameris. The first computation :
trangforms the mean NRY selenocentric vector to a mean NBY earth-centered ‘
inertial (ECI) vector by

A

R'(tpy) = R(tyy) + Ry

vhere RM ig the pogition o' the moon in the earth-r ferenced mean NBY e

system, The aext computetior involves finding the range between the
transmitting station and lunar orbiting vehicle. " -

In computing the range, the program must iterate to find the time,

tTR’ the signal was transmitted from the transmitting station in order .

to havs: arrived at the vehicle at t.,, (ref. 4). Let ¢ be the velocity of !
light, R'(tLM) the geocentric inercial position vector of the rehicle at J
t;y in the mean NBY coordinate system, and Rs(t') the geocentric inertial J
position vector of the transmitting station at the computed transmission
time, t'. Then

- _L
tho= b - 5 (1)

where

p = IR'(tLM)-RS(t')I . - (2)

Por an initial gvesé >f RB(t'), ve set t' = tLM; thus,

o= |R'(t) - R (s, )] . (3)

] This p from equation (3) is then used in equation (1) for a new

’ estimate of t'. The position of the station is then computed for the
revised t', a new p is calculated in equation (2), and a new %' is calcu-
lated in equation (L). This iterative process is repeated until the dif-
rference between succcssive values of t' is less than or equal to 10 seconds
or until six iterations have been mede. T
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A refraction correction is then applied to the computed uplink range
p to form p' in the following manner. (See ref. 5.) Let

= '
r [Rs(t )|
and
n = R! - t
0 =R (tLM) Rs(t ) .
Then
c. r p
o' = p + _EE_Ji._T: )
Rs(t') °p

where ok is the product of refraction modulus and radio refractivity

X 10_6, which are available from the station characteristic table. (See
appendix B.) The uplink range, p', will then be stored as pTR'

The suoroutine then computes downlink ranges and times for the

n stations successively. The only change from the uplink computations is
in the time-iteration equation which now becomes

=t v S (5)

where t' is the computed time at which the signal should be received at

the station if it left the vehicle at tLM' After the refraction correction

has been applied to a downlink range, p' is stored as pR/i and t' stored
as tR/‘ (i =1, +.+ n) and the subroutine picks up the proper station

1
characteristics for the downlink computetion for the next station.

The position of the station, Rs(t'), is computed for each successive

iteration of time, t', from the station characteristics as follows:

Let 6 be the angle between the true position of Green-

wich at midnight prior to launch and Greenwich at +'.
Then

0 = wt' (6)

where w is the rotetional rate of the earth.
Then the engle, A', of the staetion is given by

A=+ 0
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where A is lhe longitude of the station. Finally,
Rs(t') is given by

cos A'(r cos ¢' + h cos ¢)
Rs(t') = (RNP)T sin A'(r cos ¢' + h cos ¢) (8)

r sin ¢' + h sin ¢ .
A1l the above variables are defined in appendix B.

Interpolation Subroutine
The interpolation subroutine (flow chart B-3) is called to find a
pseudoactual Doppler count, NR/i’ for each station at the receiver time
tR/i which is not likely to be a recorded observation time. Inputs to the
subroutine are tR/i (obtained from the iteration routine) and n tables of
3/

(i=1, ...,n.and j=1, ..., M), All stations for which the flag MSW(i)
is zero are processed.

ML observation times, tj/i’ versus Ml observed Doppler counts, N

The interpolation scheme tests the tR/i of each station against the

corresponding table of recorded observation times to find between which
two recorded valid observation times t R/i lies and between which two

recorded valid observations N R/i lies. Once these two values of Nj/ .

t.,. are found, the routine tests t and 't to see if
J/i J/i

J+l/i

tj""l/i-t/iioT .

If not, the iime interval is too long to linearly interpolate. There-
fore, do not 1nterpolate, but set NR/' equal to a dummy negative value

denoted by GN’ and start the time tests for the next station. If, however,

Yse1/i = 37189 o

the time interval ig sufficiently short to accurately interpolate for

NR/i‘ Therefore, the following equation can be solved for Nﬁ/i'

—*t'-l-LlL(t = byyg) (9)
J+1/i 1;/ I

Npyi S Nyp t
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where i is the station number. The outputs NR/i from the interpolation

subroutine will then be passed to the main progranm.

MSFN Residual Subroutine i

Tnputs to the MSFN residual computation subroutine (flow chart B-k4) are
two receiver times, two uplink ranges, two downlink ranges, two interpolated
N-count observations, and a table of bias values. The subroutine will be
called in two different places in the main program depending on whether
the vector source is PGNCS or AGS; this selection is controlled by the LSW
flag (see appendix B). The inputs to this subroutine can be controlled
by the arguments of the calling statements (or equivalent); for example,
for a PGNCS vector we might have: i

CALL MSFN RESIDUAL (PtR/i, tR/i, Popg s PpR/i, Prgs PR/is PNR/i, NR/i,
bY, , 8Y)

Then for an AGS vector we would have:

SIAAIEFALA,

MSFN RESIDUAL (At_,. s A A ANpyis N
CALL I IDUAL ( Yr/ie Yryis APrRe APRyis Pogs PRy /i* "R/i?
AY, , 8Y)

Once the input arguments have been established, the program processes
the residual subroutine, which is of the following form:
SUBROUTINE MSFN RESIDUAL (t

1/13 t2/i’ pls p2/i’ 93, p)-l-/i’ Nl/i’ N2/1,
AY, , 8Y) :

Before computing a residual for an observation stationm, the validity i
of the two Doppler counts Nl/i and N2/i must be verified. A negative

value for either Nl/i or N2/i causes the residual computation of that

station to be omitted, and the routine checks the Doppler counts for the
next station.

Let pz/i.and ph/i be the downlink ranges computed for the receiver
times tl/i and t2/i and let Py and P3 be the corresponding uplink ranges.
The computed Doppler observation is obtained from the following equation
(ref. b).

wy, T -
yErR [
D, = (w, +b,) + (py *+ 0y, 7:) = (o3 +0,,.)) (20)
i 3 i Ezta/i - tl/i) 3 Wi 1 Tp/i

-

e B AT T e = e e, v T = e e sl i a2 el
i -__M""r‘ “:Mmmf‘;m‘fg'a&mm% S pi . S T
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where the constants w3, W), » fTR’ c, bi are explained in appendix B. A
pseudoactual Doppler observation, Si’ is obtained by

s -o2/i” My (11)

Tty - Yy

and the residual is computed froa

pY, = (si - Di) K, (12)

where K, the conversion factor from Hz to fps, is given by

K=_g¢
where fTR is the frequency transmitted to the LM. These AYi are plotted

as in figure 1. The average of the residuals from n' stations is then
obtained by

n'
AY
=1 L

§Y = (13)

nl

where n' is the number of stations selected. This 8Y' will then be plotted
against 8Y computed with the other vector source and displayed. Control
is then transferred to the main progrem in order to process an actual
telemetry vector and thus initiate the next residual computations,

Rendezvous Radar Residual Subroutine

The rendezvous radar residual subroutine (flow chart B-5) provides
an sdditional check for testing PGNCS versus AGS. Inputs to this routine
are a table of range-rate observations versus time (SRR’ tRR; RR = 1, M2),

a tatle of'selenocehtrip CSM‘ephemgris state vectors versus time (R

) csM?
Vagy tC'SM)*, and a IM telemetered state vector (RIM’ Viye tLM)' A routine

is called to obtgin specific rendezvous radar observations in the time range
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from tLM - 20 seconds to tLM + 6 seconds (see appendix C). If less than

three such observations exist, the rendezvous radar computations zre omitted
for the jarticular telemetry vector.

If sufficient rendezvous radar data is available, a sixth-order
! Lagrange interpolation routine interpolates the CSM ephemeris table to
) obtain the CSM state vector at the time of the IM state vector being pro-
cessed. The rendezvous radar range-rate data is smoothed by a second~ |
degree, least-squares filter (see appendix C). This second=~degree curve i

is then evaluated at the time of the telemetry vector to gbtain the de-
sired range rate observation.

Th= position vectors of the IM and CSM allow the program to compute
the range between the two vehicles using the equation

Poomp = Resm ~ R (1k) A

Then the range rate can be computed by

P TR

5 .
. _ _Pcowr
Peowp == (Vo = Yo+ (15)

“comp

This computed range rate is then compared to the observed rendezvous
radar range rate, and the residual, Ap, is displayed on the flight control
display in units of feet per second. The logic then returns to the main
program to pick up a new telemetry vector.

CONTROLS AND DISPLAYS

The follo&ing are general descriptions of the various controls and
displays used in this program. Reference 2 presents detailed. descriptions.

Manual Entry Devices

1. Ascent—descent sites.- This MED specifies up to four:sites to be

processed in the high-speed mode. This MED also allopws-the controller to I
change any of the sites being processed as well as to.reinitialize if a '
change in the identity of the two-way site occurs.

o R A
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2. Ascent-descent scaling factor.- This MED allows the controller
to adjust the ordinate scale for either the MSFN or rendezvous radar resid-
ual displays.

Push Button Indicators

1. Sources to be considered in the average.- This group of five
PBI's determines which sites are to be used in the MSFN average residual
computation. The ability exists to edit sites in or out of the average
computation.

2. TM selected source.- This group of two PBI's determines whether
to display the MSFN residuals computed using the PGNCS vectors or the MSFN
residuals computed using the AGS wvectors.

3. Processing mode.- This group of two PBI's determines whether
actual telemetered vectors or AEG-predicted vectors are to be used in the
MSFN residual computation.

Displays

1. MSFN source validation 1 and 2.- This display provides an analog

irend curve of range rate versus time for the residuals of twe MSFN sources
computed using PGNCS or AGS -telemetered vectors.

2. MSFN source validation 3 and U4.- This display provides the same
information as display no. 1 for two other MSFN sources.

3. 1M source comparison.- This display provides an analog trend curve

of range rate versus time for both telémetry sources. Average MSFN resid-
uvals and rendezvous radar range-rate residuals will both be displayed.

s T ™ in b et \m e ol B i e o i

w2 a2

Lt e o A Ao e




~

D,
PRECEDING PAGE BLANK NOT FILMED.

APPENDIX A
FLOW CHARTS FOR PREPROCESSOR ROUTINES

TELEMETRY, MSFN, AND

RENDEZVOUS RADAR DATA




16

CONTENTS
Section Pag >
/ i
N Variables Used in IM State Vector Preprocessors . « « « « o+ « o . L7 :
Variables Used in MSFN Preprocessor . . « « + « « o 4 o o o « o« & 21 é
Variables Used in Rendezvous Radar Preprocessor . . . + « o « & . 26 !
i
FLOW CHARTS j
g
|
Chart Page | )
A-1 Preprocessor for IM vectors 1
(a) Logic for the telemetered IM vectors o « o « o o« o o 18

(b) Logic for the predicted LM vectors . « « « « o o o 4 20

A-2 MSFN preprocessor

Tt T ST, T T e PRI 1

(a) Logic for the PreprocesSSOr « o o o s ¢ s s s e 4 s e 22
(b) Logic for the edit routine « « + v o« v v v 4 o o o o o)

A-3 Logic for the rendezvous radar Preprocessor . . « + o o« o 27

{




17

Varisbles Used in IM State Vector Preprocessors

t time tag (g.e.t.) of a PGNCS or AGS telemetry vector
~ unprocessed by the preprocessor routine,

©

a selenocentric position and velocity of a telemetered ‘
v vector at ta in mean NBY coordinates T |
a ’
|R*] ~  maximum acceptable value for IRaI , 80 earth radii T
Nadl maximum acceptable value for 'Val , 50 000 fps ,
{
{
t¥, current time plus 6 seconds !
Syt current time minus 20 seconds {
tLM . time.tag of a current PGNCS or AGS telemetry vector ref-
erenced to Greenwich midnight prior to launch
R(tLM) selenocentric state vector (PGNCS or AGS) of the vehicle
at time tLM in mean NBY coordinstes
Vity,) S
sw switch set by the identification code of the telemetry

vector: LSW = 0 for a PGNCS vector, LSW # O for an AGS
“vector', LSW = O for all nominal vectors.

"
A
q
i

:‘\4“:3""‘ o] e IR e v
b LR NN e T LA
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"START"

0
0

nn

a
LM

JHIS PROCESSOR

"EXIT"

IS

NO ~rLm vECTOR

LY

AVAILABL

\

OBSERVE LM
STATE VECTOR
FROM TELEMETRY.
--Ra, Va, ta' LsSw

BOES VECTOR

PASS ALL
VALIDITY TESTS
(SEE REF,5)

APPLY
NECESSARY
GRANULARITIES

il |

0< lRa|<|R‘ NO

AND
0 [Val< |V

NO

»
tMle ta.<. t

YES

Flow chart A-1 .- Preprocessor for LM vectors.
(a) Logic for the telemetered LM vectors,

Page 1 of 2
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IS
ty > TIME
TAG OF PREVIOUS
VECTOR FROM
SAME
SOURCE

NO 1

13

LM=LM+1

e R e Mo St e, e ARt 4

\
STORE VECTOR
LW

'a L hm=t
| | R &y = R,
ViV,

! :
| ]

'RECORD VECTOR
RECEIPT TIME

e o ey .,

et
iy

b e Page 2 of 2

Flow cﬁart A-l'.'- i’reprocessor for LM vectors,
(a) Logic for the telemeterad vectors - Concluded.




( 'sTarT" )

IN,
THIS \_NO
PROCESSOR

VEHICLE \\_ NO

IN FREE
FLIGHT,

SELECT LM
START VECTOR

LM (N MOON

COMPUTE REt e V(tLM) AT

REAL TIME RATE USING
START VECTOR AND AEG

COMPUTE R(tLM), V(tLM) AT

REAL TIME RATE USING
R, AP OF LM

STORE VECTOP R(t
TORE VECTOR R(t, ),

V(tLM), v LSWIN

VECTOR TABLE AND RECORD
VECTOR RECEIPT TIME

Pagel of 1

Flow chart A-1.~ Preprocessor for LM vectors,
(b) Logic for the predicted LM vectors,
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MIN
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Ny/4

J/1

NMAX
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Variables Used in MSFN Preprocessor

station counter of Doppler data which do not pass the
extrapolation test; when C1(i) equals four, all counters
for station i are reinitialized and the extrapolation
edit routine starts over

station counter of Doppler data which pass the extremc
count interval test; C2(i) = 3 initializes the use of
extrapolating for Doppler

station counter of Doppler data which pass the extrapola-
tion test: C3(i) > 4 causes the data to be tagged valid
when stored by the preprocessor routine

an array of raw, non-destruct Doppler counts recorded at
station i; the element Nk/i represents the current value

time array for the Nk/i

current time minus 20 seconds

current time plus 6 seconds

an array of raw, non-destruct Doppler counts accepted and
stored by the MSFN preprocessor routine; the element NJ/i

represents the last accepted value of Nk/i

time array for the NJ/i

meximum time interval allowed for linear extrapolation
of Doppler

maximum acceptable count difference between the actusl and
extrapolated values of Nk/i 5 NMAX is a function of the time

interval tj/i - tk/i

meximum accepteble value of Nk/i tested when all previous
t .2 requirements have been met

T R T i, L g B
ol " C

a2 % Yy b . C
k- SRR s A QRE Ao W RGO s |, v o s it e -
ﬁ@@g o ﬂﬂﬁ%grﬂLﬁr'&m o Wy o ey
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( "START" )

INITIALIZE ID OF TRANSMITTER
FROM 2-WAY SITE TIME LINE
AND STORAGE AREA FOR UP TO
FOUR TRACKING STATIONS

1S THIS
PROCESSOR
ON

(S HIGH SPEED NO

DATA AVAILABLE

HAS ASCENT-DESCENT
SITES MED BEEN ENTERED
ITH START OPTION

~ HAS ASCENT-DESCENT
SITES MED BEEN
ENTERED WITH
CHANGE OPTION

NO

YES

REINITIALIZE APPROPRIATE
STORAGE AREAS AND COUNTERS

Flow chart A-2 .- MSFN preprocessor,
(a) Logic for the preprocessor,

Page 1 of 2
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OBSERVE RAW
DATA VALUE--

Neiv i

DATA
FROM DESIRED
STATION

NO

o T

SRR,

DOES DATA PASS
ALL VALIDITY
TESTS (SEE REF.5)

NO

P

b =ty

APPLY ANY
NECESSARY
GRANULARITIES

L

4 N
(LT S
N\t g

N\

Page 2 of 2

Flow chart A-2 ,~ MSFN pre.rocessor,
(a) Logic for the prepracessor ~ Concluded,
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"START"

i
C2(=c2(+1

YES

c2{)=1

YES
c2=2

C2(H=1

PREDICT VALUE FOR Nk/l

LyeL

N =N +—ﬂ—1ﬂl— t -t

AL VEUY, (e %
2R
2

Flow chart A-2.~ MSFN preprocessor.
(b) Logic for the edit routine.
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|
@ ‘
)

- HIGH = N_ + NMAX

~

NOlcit=crm+1

‘, YES

cl1{i=0
C3(M=C3(+1

c3:4

|
| B !
; STORE Ny, t, , STORE Ny /. t, STORE N, ,, t, ..
: BUT TAG INVALID AND TAG VALID TAG iT A n';ﬁ'gg
T ||
;,5 B _ e Y

Y= b b= Y

_RETURN. Page 2 of 2

Flow chart A-2.~ MSFN preprocessor
(b) Logic for the edit routine - Concluded.
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Variables Used in Rendezvous Radar Preprocessor

~

t time tag of a rendezvous radar observation unprocessed
by this routine

S raw unprocessed rendezvous radar destruct Doppler count
which represents the count of a frequency comprising both
the Doppler frequency and a bias frequency over a time

interval |
¢
tMIN current time minus 20 ¢econds :
# |
t current time plus 6 seconds o
Kr scale factor required to obtain the range rate in earth
radii per hour. It is of such polarity as to make
Br positive for increasing range. % -
fBr range-rate bias frequency %
T, counting interval over which Sr is observed
tRR time tag of a rendezvous radar observation processed
) by this routine
PMIN lower limit for acceptable rendezvous radar range-rate
' “data. , ‘
BMAX upper limit for acceptable rendezvous radar range-rate
data :
éRR processed rendezvous radar range-rate observation at tRR
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START™

IS

THIS

PROCESSOR
ON

NO

VEXIT"

1S
"RENDEZVOUS
RADAR OBSER-

OBSERVE SINGLE ITEM

OF RAW RENDEZVOUS RADAR
DATA FROM TELEMETRY
St

DOES

DATA PASS
ALL VALIDITY
TESTS (SEE
REF, 5)

NO

Flow chart A=3,- Logic for the rendezvotis radar preprocessor,

Page 1 of 2
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APPLY GRANULARITIES
ON t AND Pr

Pr =K, (sr - fBr Tr)

Pain <Py < Pyax

RR=RR+1

\

STORE OBSERVATION
RR™ Pr

Rr™Y

p

Page 2 of 2

Flow chart A-3,- Logic for the rendezvous radar preprocessor -~ Concluded,

A R
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Variables Used In The Main Program

R(tLM) selenocentric LM state vector (PGNCS or AGS) of the vehicle at
. . B .
V(tLM) time tLM in MNBY coordinates
/
ﬁ(tLM) IM selenocentric position vector (PGNCS or AGS) used in order
to lessen a quantization error in the Doppler residual computa-~
tions
PSW switch vsed to identify the PGNCS vectors; PSW # O denotes an i
actual telemetered PGNCS vector, PSW = 0 denotes a computed :
PGNCS vector 3
i
ASW switch used to identify the AGS vectors; ASW # 0 denotes an |
actual telemetered AGS vector, ASW = O denotes a computed AGS }
vector ’
Tl elapsed time from vector receipt time to current time
T2 time increment used in delaying vector processing
| Ch counter which counts the number of stations that cannot meet
‘ the time tests for a particular telemetry vector
Msw(i) switch which denotes MSFN data: MSW(i) # 0 implies time invalid
data for station i; MSW(i) = O implies valid data which can be
, processed in interpolation routine
( J position number in an observation table ?
] §
3
] Ml number of MSFN observations copied into a data table g
| KSWP switeh which denotes the PGNCS vector: KSWP = 0 for the first
PGNCS vector, KSWP # O thereafter ST
TMAX the maximum time interval between two successive telemetry
vectors from the same source for which a Doppler residual mey
be computed
ﬁ KSWA switch which denotes the AGS vector: KSWA = O for the first

AGS vector, KSWA # O thereafter

SN

ST I S, L ML
-




kd LM H

temporary storage of previous values of R(tLM), V(tLM) t
i i s a. PGNCS
? tR/i’ pR/i’ PoR> and NR/i’ respectively, resulting from a

PoR/i telemetry vector

R/1

AR(tLM)w

e IM)’ IM
]
tR/i’ pR/i’ PoR» and NR/i’ respectively, resulting from an AGS

M $ temporary storage of previous values of R(t ), V(t t

telemetry vector

GR(tLM) generulized temporary storage locations for Pi.,, PR(tLM), b -
PV(tLM} or AtLM’ AR(tLM), AV(tLM) in the computation of ﬁ(tIM) l;*_{;‘
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INPUT:ORBIT DETERMINATION °® m

CONSTANTS; JPL EPHEMERIS ®
TAPES; STATION CHARACTERISTICS

TABLES AND EDITED OBSERVATION l PICK UP RNP MATRIXJ
TABLES FOR n STATIONS.

~

SET ALL VARIABLES
AND SWITCHES 70
ZERO

T ety e

IS THIS
PROCESSOR

PICK UP NEXT VECTOR IN |
TABLE - t s Rlt, 3 -

AND VECTOR RECEIPT
TIME; SET LSW =0

; PICK UP NEXT TLM
: VECTOR IN TABLE

-t m R (tLM), v (tLM),

§ LSW -- AND VECTOR
: RECEIPT TIME

; Flow chart B=1 .- Logic for the main program. Page 1 of 5
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1st PGNCS
OR
+11st NOMINAL

YES.

M
VECTOR

GtLM = At

GR

LM

LM) =AR (tLM)
GV (tLM) =AV (tLM)

AND
pPSW=20Q

Gt

Lm™ Pm
GR (G )= PR (& )

GV (tL M) =PV (tL M)

\

A
R (tLM) =GR (tLM)+

v (tLM) + GV (tLM)

2

(tLM - GtL M)

— e ——— o an -

i=1

VECTOR RECEIPT

1S
CURRENT
TIME MINUS

TIME 2
T1 SEC

C4=1
MSW (=0

DELAY PROCESSING
T2 SEC

Page 2 of 5

Fiow chart B-1 .~ Logic for the main program - Continued,
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Yy

IS tR/i WITHIN TIME

SPAN OF CURRENT
MSFN TABLE OF
STATION i?

OBSERVE TABLE
OF LAST M1 MSFN
OBSERVATIONS

Y} N
[

/i

| MSW (i) =1
C4=Ca+1

YRS

YES
i=i+1
MSW (=0

ALL STATIONS
~‘| PROCESSED

ARE THERE ANY MSFN

STATIONS WITH VALID

1 DATA WHICH CAN BE

_ ~ "| PROCESSED BY
INTERPOLATION SCHEME?
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a
——— e — — — = :
/ \ ,
// INTERPOLATION NS
{ N > ;
\ R/i /4 ]
\ /
N— o / ;
|
I 5A !
W
= KSWP=1 : -
PRt o) =R & o
PVt 2 =V &0
Pym™bm
i { vispLay Ptrsi = Ry
, \ AY, §Y - ),
; 1= pR/i— R/i
‘: PP1R= P 1R
5 PN, , = Ny .
' NOMINAL YES - R/i ~ “R/i
1 VECTOR i=1,n
!
: PSW=1 | PSW= o|
.“7 r
| ' Page 4 of 5
Flow chart B-1.- Logic for the main program - Continued. J
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‘;
i
5
- KSWA=1
!
1
!
i
J
ARGt D =R 0 --
AV & 0=V G
== ¥ — = At . =t
//VSFN RESIDUAL\N LM LM Lo

{  oseay ) Atg/i = tryi
| N/ AP, =P

| | APR= P 1R
; - AN, =N .
| [Asw=1 r/i = VRyi
| i=1l,n
!
28
@ ASW =0

RRSW OFF FOR NOMINAL
VECTORS DURING LUNAR
STAY

5B

Flow chart B-1 .~ Logic for the main program - Concluded, Page 5 of 5
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Variables Used in the Iteration Subroutine

ECI position vector of the vehicle at tLM in the Aries mean

NBY coordinate system

position vector of moon, ECI coordinates

station number, where i = 1, n

switch which denotes uplink or downlink range computation:
ISW = 0 for uplink range computation, ISW # O for downlink
computations

counter which limits the number of iterations

temporary storage locations used in the iteration cycle
angle between true-of-date position of Greenwich and the
position of Greenwich at midnight prior to launch
rotational rate of the earth

difference between UT1l and UTC, DT = UT1 - UTC

A+ 0

longitude of station

ECI position vector of a station at the computed time t'
in the Aries mean NBY coordinate system

initial guess of Rs(t')
matrix which converts from the Greenwich position at mid-

night prior to launch true-of-date coordinate system to
the Aries mean NBY systeu

The following constants are found on the station characteristics

r cos ¢' + h cos ¢ projection of position vector of the station

into the x-y plane in the ECI coordinate system

r sin ¢' + h sin ¢ z coordinate of station in ECI system
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where r radius to ellipsoid below station
¢' geocentric latitude of station
¢ geodetic latitude of station.
h  height of statior above ellipsoid

vector difference between R'(tLM) and Rs(t')

magnitude of the vector Rs(t')

product of the radio r=ijractivity x 1076 and the decay
constant calculated from radic refrasctivity with an ex-
ponential reference atmosphere; hoth variables are found
on the station characterisgtics tuy -

time the signal must be transmitted from the transmitting
station to arrive at the vehicle at tLM

uplink range from the transmitting station at t' to the
vehicle at tLM

time at which the signal would arrive at station i if it
had left the vehicle at tLM

downlink range from the vehicle at tLM to station i at
tR/i (i =1, n)

number of stations

e o B
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®INPUT: SELENOCENTRIC LM POSITION
e VECTOR t e R i STATION

@
"START" CHARACTERISTICS FOR TRANSMITTER

AND STATIONL (i =1, n); LUNAR
EPHEMERIS; QRBIT DETERMINATION
CONSTANTS

TRANSFORM MEAN
NBY SELENOCEN-
TRIC TLM VECTOR
TO MEAN NBY

ECI VECTOR

VES ISW=10

NO

SET STATION CHAR~
ACTERISTICS EQUAL
TO CHARACTERISTICS

SET STATION CHAR-
ACTERISTICS EQUAL
TO CHARACTERISTICS

OF TRANSMITTER OF STATION i
1 -
LooP=1
t'= URY)

5

Flow chart B-2., - Logic for the iteration subroutine.
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CALCULATE INERTIAL POSITION
VECTOR OF STATION 1 AT TIME ¢’

8=wt;\N'=\+8

Rt = (RNP) (sln N (rcos ¢'+hcosep)

cos N (rcos¢‘+hcos¢))
rsin '+ hsing }

]

P= IR'«LMJ - Rs(t')'

t“ "‘—t'

Flow cliart B-2, ~ Logic for the iteration subroutine - Continued.

ML

€

YES

A -

"- L4
t—-tLM L

i

LOOP=L00P+ 1

NN
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P- R(t )-Rs(t) ‘
~|R(t)| ‘

j
APPLY REFRACTION

p =P ok 'sP 'sP
Rstt) - P

|

1 |

] prp=P' ] 1sW=1 NV, ::

1

|

|

”R/i“” I
"RETURN"

Page 3 of 3 .
Flow chart B-2,~ Logic for the iteration subroutine ~ Concluded. .
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Variables Used in the Interpolation Subroutine

dummy negative value for NR/i which signifies that a

residual will not be computed for station i for the current
telemetry vector being processed

the maximum time interval over which the Doppler data may
be linearly interpolated

an interpolated N-count situated between N and N

3/1 J+1/i

BRI o3 e

i
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o INPUT: tR/l OUTPUT FROM

[
{ "START" ) ITERATION ROUTINE; TABLE
- (t{/i ’ !\!m) OF LAST M1

OBRSERVATIONS FOR STATIONS |
(i=1,nj=1, M)

IS tR/i WITHIN TIME

SPAN OF CURRENT
MSFN TABLE OF
STATION i?

OBTAIN VALID VALUE ‘
OF N /i s t,; ON EACH i

|
SIDE OF tR/I '

N1~ N
Ne/1= On Ne/i =Ny +:]j_++1‘1//7'..‘t]—/:/—i R "t j
[ 1
=i+l
‘ i>n NO - -
| ‘ves |

1] d "
CRETURN Page 1 of 1

Flow chart B-3.- Logic for the interpolation subroutine,
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Variables Used in the MSFN Residual Subrotvtine

1/ :
. interpolated values of N-count at tl/i and t2/i 5
2/i !
Di computed Doppler frequency at station 1 |
i
w3 a bias introduced by the tracking equipment that guarantees ;
that the Doppler shift will never become negative :
wy, a multiplying factor which adjusts the frequency of the }
signal at the spacecraft ~ §
bi bias for station i on the actual Doppler observables 3
(previously solved for in a preascent routine)
fTR frequency transmitted to the LM, as speciried on the }
station characteristics tape { .
¢ velocity of light -
/1
successive computed observation times for station i
t,/:
2/i
°1
1link i
p3 uplink ranges computed for tl/i and tz/i respectively
Pa/i .
dovmlink ranges computed for t. ,. and t,,. respectively
0 1/i 2/i
L/i
S, bserved Doppl i -
i observed Doppler frequency shift over t2/i tl/i

'% AYi residual computed for statior i (actual minus computed)

i oL
K constant which converts Hz to fps Lot
STA(i) flag subject to external control via the statiorn PBI
8Y average value of the AYi
n' number of stations used in computing 8Y; the value of

n' is subject to external control via the station PBI
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INPUT: ORBIT DETERMINATION CONSTANTS;
TABLE OF DOPPLER BIAS VAL.UES; THE
FOLLOWING VARIABLES OBTAINED FROM
THE ITERATION AND INTERPOLATION
SUBROUTINES: tl/l' t2/l’ Pl’ P2/I'

P3, fl’l/l’ Nl/[' N2/l' (i=1,n),

o o(_'START" )

ARE BOTH DOPPLER
COUNTS VALID FOR
leDING DOPPLER?

»

COMPUTED "DOPPLER FREQUENCY"

[(p +Py )P+

ACTUAL "DOPPLER FREQUENCY"

N, - N
5, =2/~ 1/

LYa-tis

I T e v

DO NOT USE DATA
FROM STATION i
IN COMPUTATION
OF 3Y

!
COMPUTE RESIDUALS

AY, =(si - D') K

r——f =

4/ DISPLAY N\

¥ AY, /’

NO

STA (i)

g mersa e a el a

£y

t

.
5
4

¥
2

S
i
o i
£
g

Flow chart B-4,- Logic for the MSFN residual subroutine,
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O

jo—i + 1

-
bt st 1T s s i

/ ! \
s/ COMPUTE AND DISPLAY 8Y \\\
/ 1)

/ 3 A \
8y =
\\ ZZ:I n //

\\ n'=NUMBER OF STATIONS VERIFIEI%/
7

R o L) Vecarwemme.

N\\AND NCT EDITED ViA PBI

—— e cesse mp vy e e - — —

[

(  "RETURN" , .

Page 2 of 2

Flow chart 8-4,- Logic for the MSFN residual subroutine - Concluded,
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Variables Used in Rendezvous Radar Residual Subroutine

MAT 2

MAT 3

time tag of first rendezvous radar observation after tLM

rendezvous radar range-rate observation used in smoothing
routine

time tag of Pt

CSM ephemeris state vector whose time tag is the time of the

IM telemetry vector being processed

number of rendezvous radar observations used in the data
smoothing subroutine

counter of rendezvous radar observations
time interval between the time tag of a rendezvous radar
value in the table and the time tag of the telemetry vector

being processed

raw rendezvous radar range-rate value which corresponds to

Ath

$ rendezvous radar data summations for m points

matrices which define the equations used in the routine

o s

s g s e F
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|
1
i
)

coefficients of the second-degree curve which best fits the i
m rendezvous radar values being processed

rendezvous radar range-rate value observedl at tLM

computed range from IM to CSM

magnitude of P coMp
computed range rate from IM to CSM |

range-rate residual (actual minus computed) - -

A




50

"START")®? INPUT: TABLE OF LAST M2
RENDEZVOUS RADAR OBSERVATIONS;

CSM EPHEMERIS TABLE; LM TELEMETRY :
VECTOR

~

(S
THIS
PROCESSOR

PICK UP CURRENT TABLE,
OF RENDE7VOUS RADAR »
OBSERVATIONS, i
P g trri RR=1, M2 '

| _l_
. — — —_— ) !

[f)ATA ACQU|SITI0N‘3\

; GENERATE CSM EPHEMERIS
; OVER TIME SPAN OF (23]
: RENDEZVOUS RADAR N/

OBSERVATION TABLE
L L, *INPUT: t ., CSM EPHEMERIS

TR

..-. ==
\4

" TAGRNG T 00

/,
W\ Resm Vesme b

¥ T e s

R o e ey

\
e ! olNPUT-Ath, P, h=1,m S
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[
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Fiow chart B-5,~ Rendezvous radar residual subroutine.

(a) Logic for the subroutine - Concluded.
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("START") INPUT: RENDEZVOUS RADAR ;
OBSERVATION TABLE ) .

m=0]

~

FIND tg IN RENDEZVOUS :

RADAR TABLE SUCH THAT
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=

DOES
t,
s
EXIST IN
TABLE

NO

YES

T

g "M » -
£ 6SEC

YES iJ
m=m+1 ?

Fiow chart B-5,~ Rendezvous radar residual subroutine, Page 1 of 2

‘ (b) Logic for obtaining data for data smoothing routine,
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Flow chart B=5,~ Rendezvous radar residual subroutine,
(b) Logic for obtaining data for data smoathing routine - Concluded,
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} Flow chart B-5.- Rendezvous radar residual subroutine,
(c) Logic for the data smoothing subroutine,
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PROCEDURE FOR SMOOTHING RENDEZVOUS RADAR DATA

Data Acquisition Routine

Rendezvous radar data is received via the telemetry downlink in the
raw unprocessed form at a rate of one observation every 2 seconds. It is

initially smoothed by a series of validity tests as described in reference 2.

Further smoothing is necessary, however, as is an interpolation scheme for
the data. A second-degree, least-squares curve fit has been selected to
accomplish both purposes.

The objective of this routine is to find six rendezvous radar range-
rate values in the data table which are in the time vieinity of the time
tag of the telemetry vector being processed (tLM). This time interval is

from tLM - 20 seuvonds to t + 6 seconds. The rendezvous radar residual

M
routine can function if only three, four, or five such points are availablej;
otherwise computations are omitted for the particular telemetry vector.

The logic for this routine begins by locating the two data values
between which the time tag of the telemetry vector lies. The program then
goes forward in time from tLM to tLM + 6 seconds or to the end of the table

and records all data values (not more than 3) in the interval. It then
goes back in time from tLM and records all data values until a total of

six values has been recorded or until it reaches the time tLM - 20 seconds
or the end of the table.

For each data value the éime interval between its time tag and tLM

is also recorded. The logic then returns to the rendezvous radar residual
routine.

Data Smoothing Routine
Any second-degree curve of range rate versus time can be represented

by the equation

S - ' 2
P = 8y + a bt + a At2, (1)
Let the x's below represent the raw data points Pys Pos cees Py

acquired from the data acquisition routine to which it is desired to fit
the second-degree least squares curve.
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For each data point the difference between the raw observed value and
the corresponding value on the curve is its residval. The objective of
this routine is to solve for the coefficients ags 8y 8y which determine

a unique second-degree curve such that the sum of the squares of the resid-
uals of the data points is a minimum.

The zero time to which the At of equation (1) is referenced is the
time tag of the telemetry vector being processed. Let tLM be this refer-

ence time and let h be the counter of the data points recorded in the data
acquisition routine. Then equation (1) can be evaluated at different
points (ts,) on the curve as follows:

- = 2
Pic = 8 + alAtl + aQAtl

L] = 2

Poe = 8 + a,lAt2 + a.eAt2

. (2)
5 = ‘ 2

Pme = %o * alAtm-+ a2At

1h

T e e B s B R W

p——

;A

\L
.



~

61

where

Pp = Pgr forh=1, ..., m.

The sum of the squares of the residuals is given by

o= £2) _ 512 2y -
3 [(ao + alAtl + aeAb ) p] + [(a,o + alAt2 + a,dAtg)

1
2y _ ~ )2
o [(a0 +a bt + a,bt2) pm] )

In order for S to be a minimum,

98
_—_—_:O .
aa,o
39S
...__.=0 R
83,1
95
—=0 .
89.2

N EE)

(4)

Solving the partials, we get three equations with three unknowns,

which in matrix form can be expressed as

[~ m m .
Z Atﬁ Z Aty m
h=1 h=}
m m m
[ao 8y a2] Z Atg Z Atﬁ " Z Aty
h=1 h=1 h=1
n m m )
Z Atl‘; E Atg 2 Atﬁ
| b=l h=1 h=l |
m L] m L m L ]
ol DL DY D
h=1 ~ h=l h=1 .

i S LI -

(5)
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By applying a matrix inversion scheme to the 3 x 3 matrix, the co-

efficients 8gs 815 8, can be readily computed. These coefficients deter-

mine a unique second-degree, least-squares curve which can then be eval~
uated for any At in the defined interval. In particular, at the time tag
of the vector,

At =0

and the desired smoothed rendezvous radar range rate, 6OBS’ is given by

Pors T %o :
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